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WIND-TUNNEL INVESTIGATION OF TRE STATIC LONGITUDINAL 

AERODYNAMIC CHARACTERISTICS OF A MODIFIED MODEL OF 

A PROPOSED APOLLO ATMOSPHERIC- ABORT COWIGURATION 

AT MACH NUMBERS FROM 0.30 TO i.20* 

By Albin 0. Pearson 

SUMMARY 

An invest igat ion has been conducted i n  the Langley &foot  transonic 
pressure tunnel t o  determine the s t a t i c  longitudinal aerodynamic charac- 
t e r i s t i c s  of a modified model of a proposed Apollo atmospheric-abort 
configuration. The modifications consisted of increasing the fineness 
r a t i o  of the abort  rocket, changing the half-cone angle of the space- 
c r a f t  from 3 5 O  t o  3 3 O ,  and adding a fa i r ing  around the abort  rocket noz- 
z les .  The investigation was conducted a t  angles of a t tack  from about -1' 
t o  50° a t  test Reynolds ni-mbers, based 3~ ZSIEGE b ~ d y  Zimeter  and Free- 
stream conditions, from about 1.64 x 10 6 t o  3.83 x lo6. 

The r e su l t s  of t h i s  investigation have shown t h a t  the model without 
the abort-rocket-nozzle f a i r ing  does not trim a t  any t e s t  angle of a t t ack  
and i s  generally unstable about the center of gravi ty  of t h i s  investiga- 
t ion .  Increasing the fineness r a t i o  of the abort  rocket i n  conjunction 
with decreasing the  half-cone angle of the spacecraft has no e f f e c t  on 
the model s t a b i l i t y .  Addition of the abort-rocket-nozzle f a i r ing  has a 
s t ab i l i z ing  e f f ec t  on the  model at Mach numbers greater  than about 0.65, 
increases the slope of the normal-force curve, and decreases the axial-  
force coef f ic ien t  at  an angle of attack of approximately 0'. 

INTRODUCTION 

The s t a t i c  longitudinal aerodynamic charac te r i s t ics  of models Of 
reentry and atmospheric-abort configurations of a proposed Apollo space- 
c r a f t  a r e  given i n  reference 1 f o r  Mach numbers from 0.30 t o  1.20. The 

* Ti t le ,  Unclassified. 
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data of this reference show that the atmospheric-abort configuration is 
unstable below a Mach number of about 0.60 and is marginally stable at 
the higher test Mach numbers. 
and thus reduce the amount of ballast required to stabilize the config- 
uration, the abort rocket has been redesigned to increase the fineness 
ratio. 
changed from 3 5 O  to 3 3 O  in order to increase the volume available for 
instrumentation. Additional wind-tunnel tests made at supersonic speeds 
(ref. 2) show that the model stability near a Mach number of 1.57 is 
affected by unsteady flow oscillations which originate from the nozzles 
at the base of the abort rocket. 
rocket nozzles has been proposed to eliminate these unsteady flow oscil- 
lations and thus improve the static longitudinal stability at this Mach 
number of 1.57. 

In an attempt to improve the stability 

In addition, the half-cone angle of the spacecraft has been 

The use of a fairing over the abort 

The present investigation was performed in the Langley 8-foot tran- 
sonic pressure tunnel and provides static aerodynamic data at subsonic 
and transonic speeds for a model of the atmospheric-abort configuration 
incorporating the aforementioned modifications at angles of attack to a 
maximum of about 50°. 
fairing removed. 
to 1.20 and at Reynolds numbers, based on maximum body diameter and free- 
stream conditions, which varied from about 1.64 x 10 

In addition, tests were made with the nozzle 
The tests were conducted at Mach numbers from 0.30 

to 3.83 X 10 . 6 6 

SYMBOLS 

The data presented herein are referred to the body system of axes 
The positive direc- 

The 
with the origin located at the center of gravity. 
tion of forces, moments, and displacements are shown in figure 1. 
coefficients and symbols are defined as follows: 

A maximum cross-sectional area, 0.6504 sq ft 

C A axial-force coefficient, Axial force 
SA 

axial-force coefficient at a = 0 ‘A, -0 

Pitching moment pitching-moment coefficient, 
SAd 

cm 
slope of pitching-moment curve at a = 0, aC&Iu, per deg cm, 

I 

I 
1 
s 
4 
1 

8 

. 

CN Normal force normal-force coefficient, 
CIA 
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' r- 
9 slope of normal-force curve a t  a = 0, &!N/&, per deg 

h a  . 
model chamber-pressure coefficient, 

Model chamber pressure - Free-stream s t a t i c  pressure 
9 

cP, c 

c r 

X 
e 

z 

a 

diameter, in .  

m a x i m u m  body diameter, 10.920 in .  

free- stream Mach number 

free-stream dynamic pressure, lb/sq f t  

Reynolds number based on maximum body diameter and free- 
stream conditions 

radius, i n .  

distance from model base t o  center of gravity, in .  

distance from model center l i ne  t o  center of gravity, in .  

angle of a t tack of model center l ine,  deg 

MODELS, TESTS, AND ACCURACY 

Details of the 0.06825-scale model and components tes ted  are  shown 
i n  figure 2 and photographs are  presented i n  figure 3 .  The conical 
spacecraft portion of the model was made from the aluminum-alloy model 
of reference 1 with the half-angle changed t o  33' by bonding p las te r  t o  
the surface. The abort system w a s  composed of a cyl indrical  aluminum- 
a l loy  body simulating a rocket container mounted on a tower made from 
three cross-braced s t e e l  rods. The three rods were located 120' apart  
and were criented so that i'ne two iower rods were i n  a horizontal plane 
when the model a s  near an angle of attack of 0'. 

The model was mounted on a three-component in te rna l ly  located 
strain-gage balance which w a s  s t ing  supported. 
arrangements were used i n  order t o  obtain a large angle-of-attack range 
and d.so t o  maintain the  model near the tunnel center l i n e  throughout 

Two model-sting-support 

7 t h i s  range. (See f ig .  3.) 

L_ 
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The tests were conducted in the Langley 8-foot transonic pressure 

tunnel at a stagnation temperature of about 121' F and at a stagnation 
pressure which was varied from about 1.0 atmosphere to 0.6 atmosphere 
due to load limits on the strain-gage balance. The variation of 
Reynolds number, based on model maximum diameter and free-stream condi- 
tions, with Mach number I s  shown in figure 4. 
Mach numbers from 0.30 to 1.20 at angles of attack from about -lo to 50'. 

The model was tested at 

Normal force, axial force, and pitching moment were determined by 
means of the strain-gage balance with the pitching moments referred to 
the center-of-gravity location shown in figure 2. 
results presented herein are gross values and have not been adjusted to 
a condition of free-stream static pressure at the model base. 
chamber pressure was measured by means of an orifice located inside the 
model in the strain-gage balance chamber. 

The axial-force 

The model 

Based upon balance accuracy (neglecting any sting interference 
effects), it is estimated that the coefficients of normal force, axial 
force, and pitching moment are accurate within kO.043, k0.043, and 
kO.0085, respectively, at a Mach number of 0.30. This accuracy improves 
at the higher Mach numbers and dynamic pressures. A l l  data presented 
from this investigation are essentially free of wall-reflected disturb- 
ances. The maximum variation of the actual test Mach number from the 
presented nominal values is less than kO.005. Corrections were applied 
for tunnel flow angularity and for structural deflections of the model 
sting and balance. The accuracy of the angle of attack is estimated to 
be within k0. 20°. 

RESULTS AND DISCUSSION 

The pitching-moment, normal- force, axial-force, and chamber-pressure 
coefficients for the model with and without the abort-rocket-nozzle 
fairing attached are presented in figure 5 and summarized in figure 6. 
A comparison of the stability characteristics of the model to the model 
of reference 1 is shown in figure 7. 

At angles of attack near 25' some interference effects due to the 
different sting-support arrangements are indicated. These effects are 
similar to those reported in reference 3 for a Mercury exit configura- 
tion in that they are negligible on the pitching-moment and axial-force 
characteristics (figs. ?(a) and 5(c)) but are more pronounced on the 
normal-force characteristics (fig. 5(b)). 
ference effects for the present investigation decrease with increasing 
Mach number; the difference between the measured and average faired 
values amounts to about 9 percent at a Mach number of 0.30 but is only 
approximately 2 percent at a Mach number of 1.20. 

These sting-support inter- 
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8 The results of the present investigation show that the model does 
not trim at any test angle of attack (fig. 5 )  and without the nozzle 
fairing is generally unstable about the center of gravity of this investi- 
gation (fig. 6). Addition of the abort-rocket-nozzle fairing has a 
stabilizing effect on the model at Mach numbers greater than about 0.65 
for anaes of attack near Oo. 

The pitching-moment results of figures 5 and 6 are referred to a 
center of gravity located at = 0.390 and 2 = 0.0473 but in figure 7 
are referred to a center of gravity along the center line at 
from the model base for comparison with data from reference 1 
gravity on model center line at 5 = 0.426). This comparison indicates 

that the increased fineness ratio of the abort rocket and the decreased 
half-cone angle have essentially no effect on the model static stability. 

d d 
= 0.426 
center of 4 

d 

Addition of the nozzle fairing increases throughout the Mach 

CA,caJo by as 
# 

number range of the investigation (fig. 6 )  but decreases 
much as a 22 percent at a Mach number of 1.20. 

CONCLUDING RESIARKS 

WhC-!xi i f ie l  t e s t s  of EL rnodified model of a proposed Apollo 
atmospheric-abort configuration, conducted in the Langley &foot tran- 
sonic pressure tunnel at Mach numbers from 0.30 to 1.20, have shown that 
the model without the nozzle fairing does not trim at any test angle of 
attack and is generally unstable about the center of gravity of this 
investigation. Increasing the fineness ratio of the abort rocket in 
conjunction with decreasing the half-cone angle of the spacecraft has 
essentially no effect on the model stability. Addition of the abort- 
rocket-nozzle fairing has a stabilizing effect on the model at Mach 
numbers greater than about 0.65, increases the slope of the normal- 
force curve and decreases the axial-force coefficient at an angle of 
attack of approximately OG. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Air Force Base, Va., March 2, 1962. 
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(a) Model without nozzle fairing. ~ 6 1 - 2 8 6  

Figure 3.- Model configuration and sting-support arrangements. 
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a=-I' to '24' 

~ 6 1 - 2 8 3  

01 M 24' to 50' 

(b) Model with nozzle fairing. L 61-287 

Figure 3.- Concluded. 
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(a) Variation of Cm with a. 

Figure 5.- Variation of static longitudinal aerodynamic characteristics 
of model. 
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(b) Vafiation of CN with a. 

Figure 5.- Continued. 



( e )  Variation of CA with a. 

Figure 5.- Continued. 
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(d) Variation of Cp,c with a. 

Figure 5 .  - Concluded. 
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Figure 6. - Summary of static longitudinal aerodynamic characteristics 
of model. 
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